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Wednesday, February 29, 2012 609aoriginate in part from the population of alternative protein complex struc-
tures, e.g. one bound state that is in equilibrium with one or several alterna-
tive configurations. Here we present two protein complexes that exhibit
fluctuations in solution: the plexin RBD:Rac1 and the EphA2:SHIP2 SAM:
SAM complexes. A number of techniques are used to shift the equilibrium
and/or to demonstrate the population of alternate complex configurations, in-
cluding ion-pair swap mutagenesis, disulphide cross-linking and Paramag-
netic Relaxation Enhancement (PRE) NMR. An ensemble approach is
required to calculate the structures even when a wide collection of NMR re-
straints (chemical shifts, PREs, NOEs and RDCs) are available. The origin
of the alternate structures is revealed by the different patterns of sidechain
contacts that are possible in the complexes. These interactions and the dy-
namics of the complexes are further analyzed by microsecond unrestrained
molecular dynamics simulations carried out on the MD optimized supercom-
puter Anton. The functional significance of protein complex dynamics is
discussed.Symposium: Dynamics of G-Protein Coupled
Receptors
3094-Symp
Activating Mutations and Allosteric Modulators: Effects on GPCR Struc-
ture and Conformational Dynamics
David L. Farrens, Ph.D.
Biochemistry andMolecular Biology, Oregon Health and Science University,
Portland, OR, USA.
Like any useful switch, GPCRs are able to convert back and forth between an
‘‘off’’ (inactive) and an ‘‘on’’ (active) state. The dynamics of this process are
governed by inherent aspects of a given GPCRs structure, and by interactions it
may have with other molecules, such as agonist or antagonist ligands, or even
other proteins. Our lab has been studying dynamic structural changes involved
in GPCR activation and attenuation, primarily through use of site-directed
fluorescence labeling (SDFL) methods. One SDFL method we have been de-
veloping, which we call Tryptophan Induced Quenching (TrIQ), is helpful in
these studies because it can identify sites of direct fluorophore-Trp contact
in proteins, and can even quantify how much of this direct contact occurs,
with sub-nanosecond timescale resolution. Thus, TrIQ can be used to measure
changes in the equilibrium population between two protein conformational
states. In my talk, I will briefly review our TrIQ method and how we use it,
primarily in studies of rhodopsin and the human cannabinoid receptor CB1.
I will then review insights that TrIQ and other SDFL approaches have provided
us about where helical movements occur in GPCRs, and why they enable cou-
pling with GPCR affiliated proteins. Finally, I will discuss our recent efforts to
measure the energetics involved in a key helical movement that occurs upon
GPCR activation, and how a constitutively activating mutation effects the en-
ergetic of this conformational change, and discuss how allosteric ligands (both
small molecule and protein) can alter GPCR signaling by effecting these
movements.
3095-Symp
From High-Resolution Rhodopsin Membrane Structures to Function
Ulrike Alexiev, Ph.D.
Physics Department, Freie Universitaet Berlin, Berlin, Germany.
Membrane receptors are key molecules in cellular communication. The larg-
est class of membrane receptors, the G-protein coupled receptors (GPCRs),
transmits various external signals through conformational changes that lead
to molecular recognition and activation of transducer molecules at the recep-
tor surface inside the cell, subsequently triggering a signal transduction
cascade.
I will present examples of conformational transitions and dynamics changes
taking place upon activation and deactivation of the GPCR rhodopsin and
discuss their functional relevance. Time-resolved fluorescence and polariza-
tion methods were employed to follow the conformational transitions. Mod-
ulation of structural dynamics, proceeding in the pico- and nanosecond time
domain, by protonation changes of the receptor-ligand complex in the micro-
seconds to seconds domain is traced in pump-probe experiments, which com-
bine time-resolved measurements on these two vastly different time scales.
This method allows us to obtain dynamic information of both the receptor
and transducer or regulatory molecules during the different stages of their en-
gagement, information that is not possible to extract from static X-ray struc-
tures. Single molecule total internal reflection fluorescence (TIRF)microscopy experiments for inter- and intramolecular dynamics and fluores-
cence lifetime imaging microscopy (FLIM) extend the studies of receptor dy-
namics to the cellular level.
3096-Symp
Probing GPCR Signaling with Genetically-Encoded Non-Natural Amino
Acids
Thomas P. Sakmar.
The Rockefeller University, New York, NY, USA.
We are interested in uncovering the principles that underlie ligand recognition
in heptahelical G protein-coupled receptors (GPCRs) and to understand with
chemical precision how receptors change conformation in the membrane bila-
yer when ligands bind. We have developed an interdisciplinary approach that
employs a number of new converging technologies: i) all atom and coarse
grain molecular dynamics (MD) computer simulations of GPCRs in mem-
brane bilayers in concert with experimental validation, ii) unnatural amino
acid mutagenesis of GPCRs using amber codon suppression technology, iii)
interrogation of receptor dynamics using advanced FTIR (Fourier-transform
infrared spectroscopy) and solid state NMR methods, iv) use of nanoscale
apolipoprotein bound bilayers (NABBs) as membrane mimic support struc-
tures for GPCRs. Our near-term aim is to employ single-molecule detection
(SMD) of GPCRs by TIRF (total-internal reflectance fluorescence) micros-
copy in self-assembling oriented tethered bilayers or in NABBs using micro-
fluidics. This talk will focus on unnatural amino acid mutagenesis as a tool for
targeted photocrosslinking methods and bioorthogonal labelling of heptaheli-
cal receptors in live cells.
3097-Symp
Structural Insights into the Dynamic Process of G Protein Coupled
Receptor Activation
Brian Kobilka.
Stanford University, Stanford, CA, USA.
Research in my lab is directed at understanding the structural basis for the func-
tional properties of G protein coupled receptors (GPCRs), which constitute the
largest family of membrane proteins in the human genome. GPCRs conduct the
majority of transmembrane responses to hormones and neurotransmitters, and
mediate the senses of sight, smell and taste. The b2AR adrenoceptor (b2AR) is
a prototypical Family A GPCR that mediates physiologic responses to adrena-
line and noradrenaline. It regulates the activity of several distinct signaling
pathways through both G protein dependent and G protein independent mech-
anisms. Like many GPCRs that respond to hormones and neurotransmitters, the
b2AR exhibits modest basal activity in the absence of an agonist. This activity
can be modulated by a spectrum of synthetic ligands ranging from inverse ag-
onists, which suppress basal activity, to full agonists. We have obtained three-
dimensional structures of the b2AR in inactive and active conformations, as
well as a structure of the b2AR in complex with the G protein Gs. We have
also used fluorescence, EPR and NMR spectroscopy to study the dynamic prop-
erties of the receptor, and to map ligand-specific conformational changes. I will
discuss what we these studies have taught us about the structural basis of b2AR
function.Symposium: Dynamics and Localization of RNAs
3098-Symp
Following Single mRNAs from Birth to Death in Living Cells
Robert H. Singer, Timothee Lionnet, Hye Yoon Park, Bin Wu,
Tatjana Trcek, Sami Hocine, Daniel Larson.
Albert Einstein Coll Med, Bronx, NY, USA.
Live cell imaging has been instrumental in analyzing the dynamic properties of
RNA. New technologies in optical microscopy and fluorescent probe develop-
ment have been pushing the envelope of our analysis capabilities. We have
been dedicated to developing and implementing these technologies to further
the understanding of single mRNA dynamics in cells and organisms. We
have utilized computational approaches to analyze real-time transcription ac-
tivities of endogenous genes from yeast to human cells. We have employed
a plethora of imaging methods, ranging from confocal and multiphoton micros-
copy, long-term cell imaging, high-speed real-time widefield microscopy, sin-
gle molecule tracking, and we have developed super-registration microscopy
and fluorescence fluctuation analysis. We have investigated key processes of
RNA synthesis: initiation, elongation, termination, as well as nuclear pore ex-
port, cytoplasmic trafficking, localization and decay. Mathematical modeling
610a Wednesday, February 29, 2012allowed us to extract quantitative kinetic parameters that precisely describe
these processes in living cells.
Supported by NIH GMS Grants to RH Singer.
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Into the CoSMoS: Single Molecule Analysis of Spliceosome Assembly and
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Aaron A. Hoskins1, Larry J. Friedman2, Daniel J. Crawford3,
Eric J. Anderson3, Inna Shcherbakova3, Virginia W. Cornish4, Jeff Gelles2,
Melissa J. Moore5.
1Univ. Wisconsin, Madison, WI, USA, 2Brandeis University, Waltham, MA,
USA, 3UMass Medical School/HHMI, Worcester, MA, USA,
4Columbia University, New York, NY, USA, 5Department of Biochemistry
and Molecular Pharmacology, UMass Medical School/HHMI, Worcester,
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Excision of introns from pre-mRNAs is mediated by the spliceosome, a large,
dynamic complex consisting of five small ribonucleoprotein particles (snRNPs)
and scores of associated proteins. Current understanding of spliceosome assem-
bly is based largely on the procession of stable complexes that can be resolved
from in vitro splicing reactions. Such ensemble experiments have suggested
a highly ordered, linear assembly pathway in which initial binding of U1
snRNP to the 5’ splice site is followed by stable U2 association with the branch
site and subsequent U4/U5/U6 tri-snRNP and Nineteen Complex (NTC) addi-
tion to form the fully assembled spliceosome. Previously unknown, however,
were the detailed forward and reverse kinetics of each assembly step, the extent
to which branched and/or dead-end assembly pathways exist, and whether or
not different introns utilize the same or alternate assembly pathway(s). We
are now addressing these questions by combining yeast genetic engineering,
chemical biology, and multi-wavelengthfluoresence microscopy to follow as-
sembly of single spliceosomes in real time. Because no protein purification
or reconstitution is required for such Colocalization Single Molecule Spectros-
copy (CoSMoS), this experimental strategy should prove widely useful for
mechanistic analysis of many other macromolecular machines in environments
approaching the complexity of living cells.
3100-Symp
Chromatin Dynamics: At the Source of RNA Production
Christophe Lavelle.
National Museum of Natural History, Paris, France.
Through its local heterogeneities and transient structural changes resulting
from chemical modifications and physical constraints imposed by numerous
actors in vivo, chromatin dynamics influences (and is influenced by) DNA
transcription, both at the initiation and elongation stages.
While transcription events often correlate with large chromatin movements,
RNApolymerase access to its target sequence implies some nucleosome dynam-
ics (potentially mediated by
chromatin remodeling factors)
and its subsequent tracking
along the DNA template im-
poses some drastic topological
and structural changes that prop-
agate in the transcribed chroma-
tin domain. Experiments and
models aimed at deciphering
the key features of chromatin
dynamics and topology upon
transcription will be presented.
In a second part of the talk, we will shift from eukaryotes to prokaryotes and
show some recent data on ncRNA self-assembly, which role (and potential oc-
currence in eukaryotes) will be questioned.
3101-Symp
Biophysics of the Interaction of HIV with Mucus Barriers during Sexual
Transmission
Thomas Hope.
Department of Cellular & Molecular Biology, Northwestern University,
Chicago, IL, USA.
During sexual transmission, HIV must overcome mucosal barriers to reach un-
derlying target cells. The epithelial barrier function of the female reproductive
tract is further enhanced by a protective layer of cervical mucus (CM). It is be-
lieved that antibodies associated with mucus barriers of the gut can have anti-
microbial activity, and so we explored the possible role that antibodies which
can bind to virions might alter particle transport through mucus. To character-ize the effects of HIV-specific antibodies on viral diffusion in CM, we utilized
two red and green fluorescently tagged HIV types: wildtype enveloped virus
(WT-Gag-mCherry) and HIV devoid of envelope proteins, (DEnv-Gag-GFP)
which allows for simultaneous visualization of both virus types in CM. For
our assay, both virus types were mixed at equal concentrations and either added
directly to CM or incubated with HIV-specific antibodies prior to being added
to CM. Particle tracking software was used to determine particle position and
measure the mean squared displacement (MSD), a standard measure of micro-
scopic motion. We found that using anti-MHC class I antibodies, which bind
epitopes found on WT and DEnv virus, decrease the movement of both virus
types. In addition, neutralizing and non-neutralizing anti-gp41 and anti-
gp120 antibodies specifically impaired the mobility of WT virus when com-
pared to DEnv virus or when compared to virions that received no antibody
treatment. In addition, we observed greater inhibition of HIV transport in
CM with multimeric anti-Env antibodies when compared to monomeric anti-
bodies. Our studies reveal that virus binding antibodies can slow the transport
of HIV within the mucus coating of the female reproductive tract. This suggests
that a vaccine that generates broadly binding antibodies could potentially pre-
vent viral interactions with target cells thus offering protection against produc-
tive infection.Minisymposium: Molecular Motors: Stopped or
Slowed by Their Tracks
3102-MiniSymp
Single-Molecule Protein Unfolding and Translocation by the AAAD
Protease, ClpXP
Marie-Eve Aubin-Tam1, Adrian O. Olivares1, Juan Carlos Cordova2,
Stephane Calmat1, Robert T. Sauer1, Tania A. Baker1, Matthew J. Lang2.
1Massachusetts Institute of Technology, Cambridge, MA, USA,
2Vanderbilt University, Nashville, TN, USA.
All cells employ ATP-fueled AAAþ proteases for protein-quality control and
regulation. In the ClpXP protease, the ring-shaped AAAþ molecular motor
ClpX first recognizes and mechanically unfolds specific protein substrates,
then translocates the denatured polypeptide through a central axial pore into
the barrel-shaped peptidase ClpP for degradation. Although the mechanisms
of ATP utilization and substrate degradation have been extensively studied
in solution and recently at the single-molecule level[1, 2], the molecular details
underlying mechanical substrate unfolding and stepping along the polypeptide
track remain unexamined.
Using a dual-laser optical trap, we probed how ClpXP unfolds and translocates
a multi-domain protein substrate at the single-molecule level. In our assay,
a ClpXP-substrate complex is tethered between two trapped polystyrene beads
held in a dumbbell configuration [2]. Motility records of ClpXP along the poly-
peptide track show unique, fingerprint-like, substrate unfolding and transloca-
tion events. Following rapid and cooperative unfolding of individual domains,
we find that ClpX translocates the polypeptide into ClpP, taking small steps of
5-8 amino acids. The nature of the polypeptide track affects ClpXP mechano-
chemical activity. ClpX step size does not depend on ClpP, though we observe
substantial substrate refolding and slippage events when only ClpX is exam-
ined. Our results support a power-stroke model of denaturation in which suc-
cessful unfolding requires mechanical pulling by the enzyme to coincide
with transient stochastic protein destabilization.
[1] Shin, Y., Davis, J.H., Brau, R.R., Martin, A., Kenniston, J.A., Baker T.A.,
Sauer, R.T., Lang, M.J. Single-molecule denaturation and degradation of pro-
teins by the AAAþ ClpXP protease. PNAS, 106, 19340 (2009)
[2] Aubin-Tam, M. E., Olivares, A. O., Sauer, R. T., Baker, T. A., Lang, M. J.
Single-molecule protein unfolding and translocation by an ATP-fueled proteo-
lytic machine. Cell, 145, 257-67 (2011)
3103-MiniSymp
Single-Molecule Imaging Reveals Mechanisms of Roadblock Clearance by
DNA Motor Enzymes
Ilya J. Finkelstein1, Ja Yil Lee1, Estelle Crozat2, David J. Sherratt3,
Eric C. Greene1.
1Columbia University, New York, NY, USA, 2Universite´ Paris, Paris, France,
3University of Oxford, Oxford, United Kingdom.
In the cell, nucleic acid motor proteins act on substrates occupied by other
proteins, yet little is known regarding the inevitable collisions that must
occur. Using nanofabricated curtains of DNA and real-time, multi-color
single-molecule microscopy we visualized collisions between two model
translocases and DNA-bound obstacles. We show that both RecBCD, a
